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Abstract
As a result of a cooperation between Brookhaven National

Laboratory and eV Products a generation of high performance
readout ASICs was developed. One of the novel circuit solu-
tions implemented in the ASICs is the baseline holder (BLH),
a system which provides setting and stabilization of the output
baseline both at low frequency and at high rate operation. The
BLH is conceptually different from the baseline restorer
(BLR). With a output peaking voltage 2V (10fC), a peaking
time 400ns and a rate 500kHz, an asymptotic shift of the base-
line < 8mV was measured.

I.  INTRODUCTION1

The inherent advantages and rapid improvement of
CdxZn1-xTe (CZT) detectors led to an increase in the number
of their applications [1-4]. Several motivations suggest that
most of these applications can benefit from the use of ASIC
readout in place of discrete solutions [5]. As a result of a co-
operation between Brookhaven National Laboratory and eV
Products a generation of novel high performance readout
ASICs was developed [5]. The ASICs, realized in CMOS
0.5µm technology, are available in several versions, single or
multi-channel and with unipolar or bipolar shaper, in view of
their use in research, spectroscopy, medical and industrial ap-
plications.

CZT detectors suffer from long holes collection time and
charge trapping effects [6]. In order to minimize the ballistic
deficit the signal should be processed with a shaping produc-
ing a long flat top [7,8]. The unipolar shaping provides a lower
curvature of the peak with respect to bipolar shaping while
operating at equal rate (i.e. at equal pulse width) [9]. The
ASIC channels implement high order unipolar semigaussian
shaping and the capability to operate dc-coupled to the CZT
detectors [10,11], thus exposing the internal nodes and the
output baseline to a dependence on the detector leakage cur-
rent, which in CZT detectors vary over a relatively wide range.

In order to provide the ASIC with a stable output baseline
both at dc, low frequency and at high rate operations, the
baseline holder (BLH) was developed. In the following, the
structure of the BLH is discussed and the first experimental
results are reported.

II.  DESCRIPTION OF THE BASELINE HOLDER (BLH)
Fig. 1 shows a simplified schematic of the part of the ASIC
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readout channel which involves the baseline holder (BLH).
The BLH is a stage which compares the output voltage VOUT

of the channel to a reference voltage VBL and, after some sig-
nal processing, feeds the signal back to the input of the shaper
amplifier. In order to minimize the dependence of the output
baseline on the process parameters, the output voltage of the
channel (and not a channel internal node before the output) is
used by the BLH. The signal is then feed back to the input of
the shaper amplifier in order to include in the stabilization as
many stages as possible. Due to their higher sensitivity to ad-
ditional noise sources, all stages preceding the shaper ampli-
fier (i.e. charge preamplifier and compensation [5]) are not
involved in the BLH. In the following it is assumed that the
input of the shaper amplifier is a virtual ground and that a
subtraction occurs between the main signal current IIN and the
feedback current IF.
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Fig. 1: Simplified schematic of the part of the ASIC channel involv-
ing the baseline holder (BLH).

The BLH is composed of three stages: a differential ampli-
fier, a non-linear buffer and a low-pass filter. The low-pass
filter provides the dominant pole necessary for the stability of
the loop. The non-linear buffer dynamically reduces the gain
of the feedback loop only in presence of large and fast signals.

Due to the presence of the low-pass filter, the BLH is char-
acterized by a very low bandwidth (has essentially zero re-
sponse to each pulse). For this reason, it conceptually differs
from the feedback baseline restorer (BLR) which, in order to
provide a quick baseline restoration before the arrival of fol-
lowing pulse, requires a large bandwidth (it must respond to
each pulse) [12-15]. The BLH was used for the first time (and
for the only time to our knowledge) by L. V. East [16] in
1970. Our novel approach consists in the way we realized the
non-linear buffer through a slew-rate-limited stage. A com-
parison between the BLH and the BLR is left to the reader.

In Fig. 2 a more detailed schematic of the BLH is shown.
The non-linear dynamic buffer is composed of the p-channel
MOSFET MP in follower configuration and of the capacitance
C1. The bias current IdP of MP is set by a p-channel MOSFET
through the bias voltage Vg1. If IdP is set to a low value and C1



is set to a large enough value, the response of the follower to
large and fast pulses is slew-rate limited to IdP/C1. The low-
pass filter is composed of the n-channel MOSFET MN in fol-
lower configuration, of the capacitance C2 and of the output n-
channel MOSFET Mo in common source configuration for the
voltage-to-current conversion. The bias current IdN of MN is
set by a n-channel MOSFET through the bias voltage Vg2. If
IdN is set to a very low value and C2 is set to a very high value,
the frequency response of the follower exhibit a pole at very
low frequency. For small and slow signals no slew-rate limit
occurs and the high loop gain keeps VOUT ≈ VBL. For large and
fast signals the attenuatio due to the slew-rate limited stage
reduces the loop gain and the main signal flows through the
forward stages almost unaffected by the feedback.
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Fig. 2: More detailed schematic of the baseline holder (BLH).

For small signals both the non-linear buffer and the low-
pass filter exhibit a linear behavior. The feedback transfer
function IF/VOUT is given by:
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where gmo is the transconductance of Mo, Gd is the gain of the
differential amplifier, IdP and IdN are respectively the drain
currents of MP and MN, which are assumed to operate below
threshold, and VT = kT/q is the thermal voltage. The corre-
sponding transconductance is given in a first approximation by
IdP/VT and IdN/VT respectively (for simplicity a subthreshold
slope coefficient 1 is assumed). It can be easily verified that,
under the two conditional assumptions C2VT/IdN >> Gloop(0)τSH

(τSH being the time constant of the shaper amplifier) and
C2/IdN >> Gloop(0)C1/Idp, the overall transfer function VOUT/IF

can be well approximated by:
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where H(s) is the forward transfer function (i.e. shaper ampli-
fier plus output stage) and Gloop(0) = IdNgmoGdH(0) is the dc
loop gain. It is worth noting that both conditional assumptions

lead to the stability of the loop. In order to satisfy these condi-
tions a ratio C2/C1 ≈ 102 and a ratio IdP/IdN ≈ 103 with
IdN ≈ 10-11 were chosen.

From Eq.(2) the presence of a zero and a pole which real-
ize a high-pass filter can be observed. The high-pass filter
strongly reduces the channel gain at low frequency down to a
factor Gloop(0). In Fig. 3 is shown the measured small signal
transfer function VOUT/IIN of the ASIC channel where both the
shaping component at high frequency and the high-pass filter
at low frequency can be observed.
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Fig. 3: Measured channel small signal transfer function.

A major consequence of the reduction of channel gain at
low-frequency is that the sensitivity of the output baseline to
the detector leakage current IDET is strongly reduced. In Fig. 4
the measured baseline dependence on IDET is shown, compared
to the expected dependence in absence of BLH.
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Fig. 4: Output baseline dependence on detector leakage current IDET.

In absence of BLH a strong dependence of the output
baseline on IDET must be expected up to saturation to the posi-
tive supply Vdd = 3V at IDET ≈ 30nA. With the BLH an in-
crease in baseline ≈ 0.4mV was measured for an increase in
IDET from 1nA to 2nA and ≈ 0.7mV from 1nA to 10nA. Fur-
ther improvements are expected from next versions, designed
with higher dc loop gain.

It is well known that, when an ac-coupling (i.e. high-pass
filter) is present along the channel with unipolar shaping, the
output baseline exhibits a shift as the rate of pulses increases.



This shift is originated by the zero-area requirement due to the
ac coupling.

In a similar way, due to the presence of the high-pass filter
generated by the low-pass filter (see Eq.(2)) a dependence of
the baseline on the rate must be expected. But this effect is
strongly minimized by the dynamic non-linearity introduced
by the slew-rate limited stage. The limit in slew-rate strongly
reduces the area of the pulse before it is processed by the low-
pass filter. Only fast and large enough signals are affected, and
no limit in gain occurs for slow movements of the baseline.

In order to optimize the design of the BLH, the expected
shift of the baseline at a given rate must be evaluated. In the
case of ac-coupling, by assuming the output pulse triangular
with peaking time τP, width τW ≈ 2τP and peaking voltage VP,
the shift -δVBLO of the output baseline at a rate Rt can be ap-
proximated by equating the areas:
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It follows for δVBLO:

RtVV PPBLO τ−≈δ . (4)

In the case of BLH and for large values of the differential
amplifier gain Gd, the pulse to be processed by the non-linear
stage is almost rectangular, clipped to Vdd and having width
≈ 2τP. The shift -δVBLO of the output baseline is now given by:

d
PddBLO G

Ka
RtV2V τ−≈δ (5)

where Ka is the ratio between the area of the pulse at the out-
put of the differential amplifier and the area processed by the
low-pass filter. Due to the slew-rate limit, a value of Ka << 1
is expected.
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Fig. 5: Simulation of normalized signals VL and VE for the approxi-
mated evaluation of the coefficient Ka.

The coefficient Ka can be evaluated in a very first ap-
proximation from Fig. 5, where the normalized signals VL and
VE (see Fig. 2) are simulated. It follows:
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where τT takes into account the increase in duration of the
slew-rate limited component of VL due to the tail of the output
pulse. For a semigaussian shaping τT can be approximated by:
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In Fig. 5 the dependence of Ka on the slew rate IdP/C1 is
reported for different values of τP. It is worth noting that
Eq.(6) applies for 2τPIdP/C1 < Vdd.
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Fig. 6: Coefficient Ka vs·slew-rate IDET/C1 for different values of τP.

A minimum of Ka ≈ 0.04 is found for IdP/C1 < VT/(6τP),
and it is almost independent of Gd, Vdd and VP. For C1 ≈ 200fF
a good choice which satisfies also the previously discussed
condition for the stability of the loop is IdP ≈ 1nA. From Eq.s
(5), (6) and (7) and Fig. 6 it follows:

d
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The Eq.(8) shows that the baseline shift reaches a maxi-
mum almost independent of the output peaking voltage VP.
When τPRt = 0.2 and Gd = 10 it follows δVBLO ≈ 1.6mV, to be
compared to 40mV without the slew-rate limited stage and to
≈ 0.2VP for an ac coupling with same time constant of the
high-pass filter. Both simulations and experimental results
were found in agreement with Eq.(8).

Fig. 7 compares the ASIC channel response to a sequence
of charges QDET ≈ 1fC injected at rate ≈ 500kHz to the re-
sponse with the BLH disabled and an ac-coupling with same
time constant of the high-pass filter. After 512 samples the
asymptotic value of the baseline shift can be measured. A
baseline shift < 5mV was measured with the BLH, to be com-



pared to ≈ 25mV for the ac-coupling. In Fig. 8 the same ex-
perimental comparison for QDET ≈ 10fC is reported. After 512
samples a baseline shift < 8mV was measured, to be compared
to ≈ 300mV for the ac-coupling.
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Fig. 7: Experimental comparison for QDET = 1fC and Rt = 500kHz
between ASIC channel output and case with BLH disabled and ac-
coupling with same time constant of the high-pass filter.
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Fig. 8: Experimental comparison for QDET = 10fC and Rt = 500kHz
between ASIC channel output and case with BLH disabled and ac-
coupling with same time constant of the high-pass filter.

It is worth noting that the stability of the baseline provides
also an increase in the voltage headroom for the output pulses
because its dc value VBLO can be set closer to the minimum
voltage supply Vss of the ASIC (in our ASICs we set VBLO ≈
300mV and Vss = 0V).

Fig. 9 compares the ASIC channel response to QDET ≈ 12fC
with rate increasing from 20kHz to 500kHz to the ac-coupling.
The negligible movement of the baseline while the rate
changes of more than one order of magnitude, can be ob-
served.

Concerning the noise, due to the long time constant of the
feedback loop, the weighting function [17,18] is almost un-
changed with respect to the case of purely unipolar shaping.
Consequently no appreciable decrease in resolution must be
expected apart from the thermal noise associated to Mo.

The Eq.(8) predicts in a first approximation the average
shift of the baseline as consequence of a change in the average
rate of pulses.
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Fig. 9: Experimental comparison for QDET = 12fC and increasing rate
Rt = 20kHz ÷ 500kHz between ASIC channel output and case with
BLH disabled and ac-coupling with same time constant of the high-
pass filter.

Baseline fluctuations can also occur at a given average rate
as consequence of the random arrival of the pulses. In the case
of an ac-coupling the broadening associated to the baseline
fluctuations can be described by the relative standard deviation
[19]:
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where τHP is the time constant of the high-pass filter associated
to the ac-coupling.

In the case of the BLH, due to the dynamic non-linearity
introduced by the slew-rate limited stage, the relative broad-
ening is strongly attenuated and the corresponding relative
standard deviation is given from Eq.s (9), (4) and (8) by:
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Fig. 10: Relative standard deviation vs Rt×τP product for different
values of output peaking voltage VP (Eq.s (9) and (10)).

In Fig. 10 the dependence of the relative standard deviation
on the product Rt×τP for different values of VP is shown, com-



pared to the case of an ac-coupling with same time constant of
the high-pass filter. The negligible impact on the S/N ratio in
the case of the BLH can be observed.

Finally, it is worth noting that, due to their non-
symmetrical response, both the non-linear dynamic buffer and
the low-pass filter shown in the simplified schematic of Fig. 2
could be subject, in case of large and fast signal swings of op-
posite sign with respect to the main pulses, to undesired
charging effects of their high-impedance output nodes.
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Fig. 10: Detailed schematic of the baseline holder (BLH).

In Fig. 10 is shown a more complete configuration which
provides a partial protection against undesired charging ef-
fects. The mirror output MOSFETs MN2 and MP2, which
under normal conditions operate in the linear region, limit the
MP and MN drain currents to twice their bias currents in case
of large swings of sign opposite with respect to the main
pulses.

III.  CONCLUSIONS

The baseline holder (BLH), a circuit solution implemented
in readout ASICs suitably developed for CZT detectors, was
presented. The BLH provides setting and stabilization of the
output baseline both at low frequency and at high rate opera-
tions. With an output peaking voltage ≈ 2V (≈ 10fC), a peak-
ing time ≈ 400ns and an average rate ≈ 500kHz, the BLH lim-
its the output baseline shift to less than 8mV. The baseline
fluctuation due to the random arrival of pulses has negligible
impact on S/N performances.
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